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TMe; Intra-airwav ventilation 

Background of Ae present invention 

Artificial ventilation of critically ill, traumatized, or anesthetized persons is a life-saving 
procedure. ArtificiaJ ventilation may be performed by applying negative pressure around 
the chest with an "Iron Lung*', or by pumping gas at positive pressure into the airways, 
called "Intermittent Positive Pressure Ventilation (BPPV)". IPPV may be applied throu^ 
a tightly fitting fiice mask, or via a tube inserted into the trachea of the patient, called 
"Endotracheal Tube (ETT)", In recent years a hybrid method, namely the 'laryngeal 
mask" - a catfieter tip pear shape inflatable occluder that fits over die glottis at the entry 
to the trachea - has gained popularity. In addition to negative pressure ventilation and 
IPPV other (alternative) modes of ventilation have been described. These include "High 
Frequency Ventilation (HFV)", jet ventilation, "Constant Flow Ventilation (CFV),", ,and 
external chest vibration with tracheal bias flow. 

To achieve efifective IPPV, a tig|it seal must be fonned between the gas delivery tube, 
such as the ETT or a tracheotomy tube, and the patient's airway. Thus, v^en gas (ain 
oxyg^) pressure in the delivery tube rises it flov^ into, and only into, the person's lungs 
to induce inhalation. When the pressure in the gas deliveiy system &lls bellow the 
pressure in the lungs the flow is reversed and CO2 - rich gas exits the lung. In 
conventional IPPV the expiratory outflow from the lung is through the same lumen of the 
ETT throu^ which the gas flowed into tiie lung. Therefore, the lumen of the ETT must 
be as wide as possible to fecilitate Scee exhalation witiiout build-up of excessive intra- 
thoracic pressure. 

When positive pressure ventilation is used, it is usually possible to control the respiratory 
rate, the volume of each breath (Tidal Volume) and the relative duration of the inspiratoiy 
and expiratoiy pleases of each breath (I£ Ratio). It is also usually possible to control or 
limit the peak pressure during inspiration (J?TP) and the minimal pressure at the end of 
esqpiration (PEEP). In addition, it is often desirable to &cilitate self-triggering of the 
initiation of the breathing cycle by sensing the patient's brief drop in airway pressure 
induced by his/her inspiratoiy effort. This signal is used to actuate die delivery of a breath 
by the ventilator in tandem with flip patienf s own inspiratoiy efforL 
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While there are many models of ventilators with a variety of features and controls, all 
IPPV systems are only capable of ventilating the whole lung en bloc, or, at the most 
ventilating the two hings with a special, two linnens ETT, using to ventilators. Current 
technology does not allow ventilation of lobes or segments of the lung individually, 
despite the substantial inhomogeneiQr of the disease processes encountered in most hmg 
diseases. 

Included here by reference are German Patent 20SS049 dated December 16^, 1 97 1 ; the 
corresponding Austrian patent 302S20 of October 25* 1 972 and a corresponding 
Canadian Patent Also included here by reference is US Patent 5,265^93 dated 
November 30*^, 1993 titled ^Balloon tipped catheter ventilation system and method for 
using same having riiythmically inflated and deflated balloon." They all describe an 
endotracheal tube eqiupped with a cuff balloon that is connected via an accessoiy channel 
to an actuating apparatus that rhythmically inflates the cufT, while a steady flow of air or 
oxygen is blown throug^i the main lumen of the tube. When tiie cuff is inflated inside the 
patient's trachea it occludes die exit of air around ttie tube and tiie lungs inflates. When 
the cuff is deflated, the lungs deflate with gas exiting around the tube, while gas is still 
flowing into the trachea through the tube's main channel. The lack of control over intra 
thoracic pressure leading to risk of lung hyperinflation and pneumothorax are major 
concerns with this method. The invention disclosed herewith describes an improved intra- 
tracheal ventilation method and tube that overcomes tiie deficiencies of the previous 
mediod. 

Description of the present invention 

The present invention discloses an intra-tracheal ventilation q^paratus and a method of 
using it It consists of a thin tube whose distal end is inserted into the patient's trachea. 
The distal end of the tube is surrounded by a collapsible elastic cuff or balloon whose 
inner volume is connected to the channel of the tube via one or a plurality of side holes in 
the wall of the tube. The proximal end of the tube is connected to an intermittent gas 
delivery system that blows pulses of compressed gas at a specified flow and fifequency 
into the lumen of the tube. When gas such as air or an oxygen mbcture is blown into the 
tube tfie cuff first inflates and expands to a volume that is sufiScient to occlude tiie urway 
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in which it resides. Additional air then blown into the tube exits through its distal end or 
through small fenestrations in the distal portion of the wall of the cuff or through both. 
This gas can now inflate the lung or lung portions whose main airway is occluded by the 
inflated balloon. When gas flow into the tube stops at the end of each pulse, the piessui^ 
inside the tube's lumen immediately fells and the cuff deflates duoug^ the hole(s) 
connecting its inner volume to the tube's lumen and/or through the fenestrations due to its 
elastic recoih Deflating the cuflF opens a space around it for exhaled gas to emeige fiom 
the lungs or lung portion. In its most basic configuration (Figure la) the deflation of the 
balloon cuff is induced by the elastic recoil of the balloon cuff material, constructed fiom 
an elastomer thin membrane such as silicone that can expand and relax thousands of 
times without changing its elastic properties. Alternatively, applying a suction negative 
pressure to the tube» thereby actively coU^sing the balloon may enhance tiie balloon cuff 
deflation. 

Major differences fiom existing art 

Major differences are noted between the new method and apparatus disclosed here and 
the existing and previously described art: 

1 . The balloon cuff inflation is directiy via the tube's (only) lumen and not 
through a secondary channel extending along the length of die tube as in 
conventional IPPV endotracheal tubes and as disclosed in previous intermittent 
cuff inflation tube patents referred to above. 

2. Hie balloon cuff deflation is through the connecting hole(s) between the 
cuffs inner cavity and the tube's lumen and/or the small fenestrations through its 
wall and not via the secondary channel that extends along the lengQi of the tube. 

3- ' In a preferred embodiment, the ventilation of die lung is tiirough a 

plurality of small fenestrations in the balloon cuff wall feeing the lung interior and 
not as a jet projecting fit>m the tip of the catfieter. 

These differences pose advantages over the existing art as follows: 
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U Narrower tube and tube wall. Since there is no need to pass a secondary 

channel along the length of the tube to inflate and deflate the balloon cuff. This 
feature makes insertion of the tube easier, facilitates insertion of multiple tubes 
into a plurality of lung segments, and cleats a larger portion of the inner cross 
section of the surway for easy exhalation flow. 

2. The inflation of tiie balloon is instantaneous and always in ilill 
synchronization with die delivery of gas into tfie lung. 

3. The deflation of the balloon cuff is quick, immediately after the end of the 
gas flow pulse. This feature prevents the risk of occlusion of the secondary 
channel causing gas trapping inside the balloon and leading to a risk of impeded 
lung emptying, build-iq> of intrathoracic pressure with catastrophic consequences 
such as pneumotiiorax and death. 

4. The flow of gas may be as a plurality of gentie streams flowing through 
the small fenestrations in the balloon cuff wall. Thus, avoiding the risk of sheer- 
force injury induced by aiming apowerfiil jet of gas into the airways. 

5. Sufnplicity of design and production. Producing a single-lumen tube is 
much less complicated and less expensive than a tube with a secondary channel 
embedded in its wall. 

6. The use of compressed gas &cilitates a much smaller gas delivery system, 
which is less expensive, more resilient and easier to use, store and transport. 

Disclosure of Additional Features 

This invention further discloses embodiments and features that may be used individually, 
or in combinations togetiier witii the basic configuration described in the above: 

1* Applying suction (negative pressure, vacuum) to die tube's inlet during the 

exhalation phase. This feature has the advantage of inducing a quicker and more 
complete deflation of the balloon cuff. 
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2. Adding a pressure-sensing element at the distal tip of the tube to sense &e 
intra-ainvay pressune throughout the ventilation. This pressure srasing element 
may be a pressure transducer (e.g. such as the Mitar® catheter-tip transducerX or 
by passing a narrow pressure-sensing catheter through ttie length of the tube with 
a forward directed opening. The tnfbrnmtion on the intra-airway pressure may be 
monitored continuously. The information on the pressure at any time during the 
ventilation may be used to prevent excessive intra-airway pressure build-up» 
beyond a pre-set value» such as 30 cm H2O. The information about tiie pressure 
may also be used to determine and control the desired peak inspiratory pressure 
(PIP) during each breath and the a desired positive end expiratory pressure 
(PEEP) (Figure lb). 

3. The flow (volume, pressure) pulse delivery apparatus may be constructed 
firom programmable pneumatic elements and valves (e.g. firom Bakara® inc-X or 
from electronic clients v^ithout or with a micro computer and solenoid valves, 
or from any combination tiiereof as long as the apparatus can at least deliver 
pulses of flow at a specified flow rate, a specified pulse duration, and a specified 
number of pulses per minute. In one preferred embodiment, the flow pulse 
delivery apparatus also can respond to information on airway pressure so as to 
stop (abort) a pulse if a pre-determined maxnnal allowable intra-airway pressure 
(PEP) was exceeded. In addition, it may respond by starting or increasing a 
counter-flow if, during the expiratory phase, the intra-airway pressure has 
diminished under a pre-determined level of PEEP. 

4. The sh^e of the balloon cuff. The balloon may have a trapezoid shape 
(Figure 3a), a cylindrical shape, i.e. essentially uniform circumference throug^iout 
its length (Figure 3b). The balloon also may have a shape tiiat is designed to flt 
locally to the irmer surfaces of tiie airways, while maximizing the area of the 
balloon cufif facing the airways and lung interior to allow for a large number of 
fenestrations (Figure 3c). Such shapes include a short bulguig cuff; a non-uniform 
circumference cufi" that has a narrow band at its mid point, a distally tapered 
balloon, a proximally tapered balloon (not shownX or a combination thereof The 
balloons may be of different sizes (circumference and length) to best fit the 
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airways of certain individuals. BaUoons of various shapes are produced by using 
special forms, or by incorporating a fine mesh of non-stretchable fibers at (he 
desired ^^e in the balloon's wall material. 

^* fiiither disclose a combination of gas emergence ports; throu^ the 

balloon cufFwall fenestration and through an opening at the tip of the tube (Figure 
4). 

6. Additionally we disclose a method to prevent insertion of the tube too for 

into tfie airways, tiiereby avoiding die risk of wedging die tube m an airway. This 
is achieved by equipping the tip of the tube with a hinged ring of a diameter 
matching tbe narrowest airway in which the tip of tube may be lodged (Figure 5a). 
The ring prevents flie catheter fiom being advanced too far into the lung. The ring 
may be made from a rigid material such as bio-compatible metal or plastics. 
Alternatively, tiie ring may be made fiom an inflatable narrow tube connected via 
a secondary channel to an external inflating device such as a syringe. 
Alternatively, tiie elonent for preventing wedging of the tube may be a spring or 
coiled elemoit such as a spiral (Figure 5b) tfiat is concealed by a retractable tiiin- 
wall sleeve during tiie insertion of the tube into the trachea. Once inside the 
trachea, tiie sheet may be retracted by pulling it moutiiwaid, allowing the pre- 
stFBSsed coiled element to spring out and attain its unstressed shape and 
dimensions inside tiie airways (Figure 5c). It is noted tiiat tfie same elements may 
be useful to stabilize tiie tip of tiie tube and keep it about the center of tiie airway. 

anotiier feature and detail of the new intra-airway ventilation metiiod 
is a proximal side-port with an appropriate connector such as a Luer lock witii a 
one-way valve tiiat allows injection of liquids or gases into tiie gas stream flowing 
into tiie patient* s airways (Figure 6). These liquids may contain medications, such 
as adrenaline, atropine and other therapeutic agents. 

8. AnoAer unique ieature of tiie new intrartracheal ventilator Is a metiiod for 

inserting a second catiieter along-side tiie main catiieter. Such secondaiy catiieter 
or probe may be used to extract secretions fiom flie airways by suction, lavage tiie 
lung, insert medications, observe tiie airways via a fiber-optic scope or a 
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miniature video camera, or to obtain samples of the airway tissue and lining by 
brushing or with a biopsy tool. Unlike with conventional endotracheal tubes, it is 
not possible to pass such catheters and probes through the lumen of the new tube. 
Therefore, we disclose means for directing the secondaiy catheter alongside the 
main intra-tracheal ventilation tube. This is achieved by surrounding the main 
tube by a sliding ring, preferably with a tapered (conical) profile (Figure 7). This 
ring is constructed with an inner diameter diat is slightly larger than the outer 
diameter of the main tube and from a material that has minimum friction 
coefficient such as Teflon and therefore can move finely along the main catheter. 
Permanently attached to the ring is a holder, preferably constructed as a second 
ring through which the second catheter may be inserted. The second ring is also 
preferably tapered. The taper of the outer surfece of both rings is needed in order 
to fecilitate their easy passage through the vocal coids. The second ring is 
constructed with a latching mechanism such as an internal transverse groove and 
the secondaiy catheter is constmcted with a matching protrusion that fits into the 
groove. To insert, the secondary catheter is inserted into the second ring with the 
protrusion locked in the transverse groove. During the insertion, the ventilation is 
stopped momentarily to prevent blocking the advancement of the secondary 
catheter by the inflating balloon. However, once the tip of the secondary catheter 
of probe has been advanced beyond the balloon, ventilation may be resumed. The 
catheter is then pushed inward into the airways with the first ring sliding along the 
main catheter. Once the rings and the tip of the secondary catheter have reached 
beyond the glottis and the vocal cords, and are positioned just above (proximal to) 
the inflatable balloon, its fiiither advancemient is btocked by a stopper protrusion 
built onto the external wall of the main tube. The user then turns or twists Ihe 
secondary catheter to release the latching protrusion from the transverse groove, 
thereby allowing forther advancement of the catheter into the lung. The distance 
of insertion may also be limited by positioning a tight ring around the secondaiy 
catheter, which limits how fer it can be pushed into the airways. When the 
secondary cadieter is pulled out, its protrusion pushes the sliding ring back 
outwards along the main catheter so that it is ready for fiirther fiituie use. 
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9. Under certain circumstances it is tmpqitant to selectively ventilate 
different iung regions. This is particularly desirable when the lung disease is 
higjily non-homogenous. The new intra-airway ventilation method may be used 
for such application. This is achieved by inserting a plurality of intra-airway 
ventilation tubes selectively into main-^tem or lobar bronchi. These tubes are 
narrower and have smaller balloons than Ae intra-tracheal ventilation tubes, but 
are otherwise similar in construction and function. The tubes may be positioned 
using a fiber-optic or video camera scope that can be maneuvered to specific sites 
in the auways. The scope is used to place a guide wire in the desired pathway and 
the wire with a sliding ring, as disclosed in tfie previous section, guides the tube. 
A separate and independent flow-^pulse delivery apparatus may activate each of 
the plurality of ventilation tubes. A rack of plurality of such apparatuses is 
disclosed herewith with a synchronized or independent flow-pulse delivery 
mechanisms. The delivered pulses may be in-phase with each other, or completely 
out-of-phase so that while some lung regions expand, otfiers contract 
Additionally, certain lung regions may be inflated to higher pressures while others 
are kept at low inflation pressure. It is further disclosed that one or more intra- 
airway ventilation catheters may be passed through an ordinary endotracheal tube 
for combined selective and global ventilation of the lung. An adapter is hereby 
disclose to allow passing a single or a plurality of intra-airway ventilation tubes 
through the lumen of a conventional endotracheal tube. 

1 0. Additionally disclosed are meters, indicators and alarms that sense, 
indicate and verify the essential ventilation and gas exchange parameters in 
combination with the intra-tracheal and/or intra-airway ventilation method. These 
meters inchide: (1 ) the pressure of the inflow source, (2) The volume of each flow 
pulse, (3) the airway pressure, (4) the flow-pulse duration, and (5) the number of 
flow-pulses per minute. 

^ I • If a pressure-SCTsing element is incorporated at the tip of the intra-airway 

or intra-tracheal ventilation tube, the pressure sensor may be used to detect the 
very instance of reduced intra-airway pressure caused by the patient's own 
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inspiratoiy effort When such suddenly reduced pressure exceeds a certain pre- 
deteimined threshold it is smsed and delivexy of a flow pulse is triggeied. 

Brief Description of the Figures 

Figure 1 a ^ows a block diagram of the basic intra-ainvay ventilation method. 

Figure lb shows a block diagram of the intra-airway ventilation me&od with a pressure- 
sensing element 

Figure 2a shows the intra-airway ventilation tube mside an airway during inspiration 

Figure 2b shows ttie intra-airway ventilation tube inside an airway during expiration 

Figure 3a shows Ae intra-aiiway ventilation tube witii a trapezoid balloon cufE 

Figure 3b shows tfie intra-airway ventilation tube witii a cylindrical balloon cuflt 

Figure 3c shows the intm-airway ventilation tube with tiiree additional shapes of the 
balloon cuff. 

Figure 4 shows a tube with combined balloon cuff fenestration and a catiieter-tip opening 
Figure Sa shows a hinged ring tube-tip stabilizer 

Figure 5b shows a coiled spiral tube-tip stabilizer before insertion wifliout and wifli a 
retainuig sleeve and tiie spiral after the retaining sleeve has been retracted. 

Figure 6 shows the proximal side-port for injection of medications into the gas stream. 

Figure 7a shows the sliding mechanism for insertion of a secondaiy catheter 

Figure 7b diows a side view of tiie sliding mechanism and the primary and secondary 
catheters. 

Detailed description of the fipires 

The block diagram of the basic intra-airway ventilation method is ^own in Figure la. 
Eadi breaft starts with the onset of a gas deliveiy pulse. The flow delivered into the tube 
enters die cuff tiuough holes m the wall between the hunen of the tube and tfie 
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surrounding cuff (1 06 in Figure 2a). This flow inflates the balloon cuff sufficiently to 
occlude completely the airway in which it resides. For the duration of the pulse, 
additional gas flows into the cuff and then out of the cuff through multiple small 
fenestrations in the cuff wall facing the internal aspect of the lung. The flow continues for 
as long as the pulse duration (as set by the operator), or until a sufficient volume has been 
delivered (also as set by the operator). When either the desired duration, or volume have 
been reached, die flow pulse stops. This causes an immediate recoil and coUapse of the 
balloon cuff, clearing the space between the tube and the airway wall, so tiiat exhalation 
may start The exhalation phase continues the duration set by the operator. Setting the 
inspiratoiy and expiratory times also detemiine the total respiratory rate of the patient At 
the end of expiration duration, the system loops back to die inspiratory mode for the next 
inspiratory flow pulse. 

Figure lb shows the intra-airway ventilation method when operated with a pressure- 
sensing element Each inspiratory phase starts widi delivery of a flow pulse, which 
inflates the balloon cuff as outlined before. The inflation pulse continues for as long as 
detennined by the operator or until a pre-specified volume has been delivered, unless the 
pressure inside the airways, sensed by the pressure-sensing element, has reached or 
exceeded die maximal peak inspiratory pressure (PIP). If PIP is reached, the flow pulse is 
aborted prior to the pre-determined end of the inspiration. Either ways, as soon as the 
flow pulse stops, the balloon cuff deflates to allow exhalation between the tube's external 
wall and airway's internal wall. Exhalation continues until the intra-airway pressure 
reaches or fells bellow the desired level of Positive End Expiratory Pressure (PEEP). 
When this pressure is sensed by the pressure-sensmg element the flow delivery system is 
activated to provide a PEEP counter-flow that partially inflates the balloon cuff and 
creates a balance between the in-flowing delivered gas and the exhalation flow. This 
process continues until the duration of exhalation has expired and a new inspiration cycle 
is started. 

Figure 2 shows the intra-airway ventilation tube during operation. Figure 2a shows die 
tube 102 during inhalation. The tube is placed inside an airway 100. The in-flowing air 
penetrates the balloon cuff 104 through holes 106 b the tube's wall. The flow of air 
inflates the balloon cuff so diat it completely occludes die airway, preventing mr flom 
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leaking out between the cuff and the anway internal surfece. The air exits the balloon 
cuff through a plurality of small holes 108 in the wall of the balloon cuff that feces the 
inside of the lung. The total resistance of the cuff holes 108 is sufficiently laiger than the 
total resistance of the tube wall holes 106, so that the balloon cuff remains inflated for as 
long as flow is maintained through the tube. The gas leaving the balloon cuff through the 
holes 108 inflates the lung to effect alveolar gas exchange. 

Figure 2b shows the tube 102 oiside an airw^ 100 during exhalation. Stoppnig the flow 
of gas removes the internal pressure uiside the balloon cuff 1 04 that immediately 
collapses. &chaled gas 1 10 then flows fiieely in the space between tiie tube and the 
internal airway surface. This flow is actuated by flie hi^er than atmospheric alveolar 
pressure that was built up during the preceding inspiration. 

Figure 3 shows several alternative shapes to flie balloon cuff. Figure 3a shows a trapezoid 
balloon cuff shape. Figure 3b shows a cylmdrical balloon cuff shape. Figure 3c shows a 
peaked balloon sh^ (top), a heart shaped balloon (middle), and a concave balloon 
(bottom). The various shapes are intended for best fitting the internal curvature of the 
afrway surfece and to maximize the surfece area fluougih which gas can exit from the 
balloon into the lung airways. 

Figure 4 shows a tube that is perforated in its tip to fecilitate additional air flow into the 
lung. The gas is blown into the lung through the hole in the tip of the tube 102 as well as 
through the fenestrations in the balloon's wall 1 14. A variant of this design is hereby 
disclosed wherein die gas is blown into the Jung exclusively throu^ a single hole or a 
plurality of holes at he tip of the tube and not through the balloon wall fenestrations. 
Figure 5 shows means to stabilize foe intra-drw^ ventilation catheter, to prevent it ftom 
slipping too deep into the lung and to center it about the middle of the airway. Figure 5a 
shows a hinged ring stabUizer. The ring 120 is a attached to the tip of the tube by a cross 
bar 122 that can rotate around its axis thereby allowing rotating motion of the ring. The 
ring diameter is set to be large enou^ to prevent the tip of tfie tube from entering the 
next generation of airways (e.g. from the tracheal to tiie right main stem bronchus), 
tiiereby avoWmg inadvertent "one lung" intubation. Figure 5b shows another method for 
achievfaig the purpose of limiting tiie tube's motion inside tiie airways. During tiie 
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insertion process, a cyHndrical sleeve 124 covers and conceals tfie tube, the balloon cuff, 
and a wrapped around semi-rigid elastic coil spiral 126. Once the tube is in the desiied 
position, the sleeve is retracted by pulling its proximal end outward, and the balloon cuff 
as well as the coiled spiral are exposed. The spiral 128 then springs out to its unstressed 
shape as shown in Figure Sc. 

Figure 6 shows tfie proximal connector 142 of the tube to the gas-flow pulsating device 
("ventilator"). Built into this connector is a port 144 for injection of liquid medications 
into the ^rways. The port is typically of the Luer Lock type that allows easy attachment 
of standard syringes. The port 144 is also typically equipped vAfh a one-way valve 
mechanism 140 that prevent leak of gas from the tube through the port. 

Figure 7 shows the means for sliding an accessory channel such as a suction catfietor, or a 
fiber-optic bronchoscope into the airways alongside the intra-airway ventilation tube. 
Figure 7a shows a figure S-tapered element 150 that is used to guide the secondaiy 
channel along the ventilation tube. The element has two cylindrical passages: one 
passage 1S2 is for the ventilation tube and the second passage 154 is for the accessoiy 
channel. Figure 7b shows a side view of the sliding element 150. It is shown riding on the 
ventilation tube with its balloon 104. The accessoiy channel 160 is shown inserted into its 
passage in tfie sliding element. A side protrusion 164 in the external wall of the accessory 
is inserted diroug^i groove 162 inside the sliding element and is anchoied in tfie 
horizontal part of tfie groove so tiiat when it is pushed inward the sliding element is 
pushed inward together with the sliding element The secondary channel and the sliding 
element move inward along the primary ventilation cadieter until its motion is blocked by 
the circumferenctal protrusion 166 just proximal to the balloon cufif wheie its motion is 
stopped. When die operator feels this block, he/she twists the secondaiy channel to 
release the protrusion 164 &om the groove 162, thereby ficilitating its further motion into 
the airways. During the insertion the balloon cuff 104 should remain deflated. 

What is claimed as new is: 

A method for intermittently inflating and deflating an elastic hollow cavity 
or organ through a connecting passage by inserting a cuffed tube into the passage; 
whereas the oigan may be a lung of a person or an animal and; whereas the 
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passage may be Hie trachea or an airway of said lung and; whereas the cuff 
inflates and occludes the passage during the inflation phase by delivery of 
pressurized gas into Ae cuffthrou^ die tube and; whereas the cuff collapses 
during flie deflation phase when the flow of pressurized gas into tfie cuff stops 
whereby allowing gas to exit fipom the elastic cavity or organ through the space 
fonned between the collapsed cuff and the inner surface of the gas passage. 

2. A cufied tube wherein the elastic cuff inflates through holes connecting 
between the hollow lumen of the tube and the space uiside Ae cuff and; whereas 
the elastic cuff deflates through the same holes back into the tube or through a 
plurality of small fenestrations in the outer cuff wall. 

3. A pressure-sensitive element at or near the tip of the cuffed tube with 
means to transmit the pressure information fiom the tip of the tube to its pioxinml 
end. 

4» A sliding double ring element that guides a secondary channel tiirough the 

gas passage into the interior of the organ in parallel with and alongside the 
primaiy tube. 

5. A method for stabilizing, centering and anchoring the tip of the tube in the 

desired location inside the gas passage. 
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Figure 1 a Bbck diagram of the basic intra-airway ventilation method 



Set inspiiatoiy duration, 
pulse flow, and volume. 



Set expiratory duration 
rxate 



Start gas delivery pulse 



Balloon cuff Inflates 



v^^ndof seP>s^^^ 






Continue gas flow pulse 


^spiratory duratic^ » 
>v or votume >^ 



Yes 



Stop gas flow pulse 




f 


Balloon cuffPcflatcs 




f 


Start exhalation 







End of seJ^ 
exhalation 
duration^ 

Yes 



. No 






Continue exhalation 


^ ► 



l/IO 



Figure 1 b Block diagram of the intra-airway ventilation method with a 
pressure-sensing element 
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Figure 3a 

Trapezoid balloon cuff 




Figure 3b 

Cylindrical balloon cuff 




Figure 3c 

Other balloon cufis shapes 




5/10 



Figuie 4 

Tube with combined balloon cuff fenestrations and a catheter-tip opening. 
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Figure 5c , 
Unstressed spiral tube-tip stabler (post-insertion) 
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Figure 7b 

Side view of the sliding meclianism. 
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